We provide new findings of rural livelihood diversification in Nigeria, using panel data from the Living Standards Measurement Study -Integrated Surveys on Agriculture (LSMS-ISA). To a large extent, the patterns and the implications of livelihood diversification have been analysed using cross sectional data and a narrow definition of food security in previous studies. In some cases, analysis has been conducted in the absence of shock experiences. We find that some results about the determinants of income diversification in cross sectional analysis also hold true in the panel data setting, while others are only revealed due to the panel nature of the data set. We find that the relationship between wealth and income diversification in rural Nigeria is best categorized as upward sloping with diminishing marginal effect rather than a U shape or an inverted U shape as found in previous studies. We also find that income diversification favours food accessibility, food availability and food utilisation, and therefore resilience capacities overall. We do not find any evidence of income diversification in mitigating or aggravating the impact of shocks, as shock experiences appear to negatively affect food security in spite of income diversification.
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I. Introduction
In recent years, rural livelihood diversification has become an important policy issue and this is reflected in the increasing attention it has gained in reports and scholarly articles. Most of the farm households in rural sub-Saharan Africa are involved in a form of non-farm activity as part of a rural livelihood strategy to diversify income sources . The literature mentions diversification of the income generation strategies of households as an important adaptation strategy for risk coping and risk management (Ellis, 2000; Murata & Miyazaki, 2014) . Barrett, Reardon and Webb (2001) Nigeria. Four out of five rural households are engaged in some agricultural activity yet tend to be involved in other activities as well. About 60% of the agricultural households also have a non-farm enterprise, and 20% of them have at least one member that reports some wage employment. This raises the question of whether the degree or the level of diversification matters in rural households' livelihood strategy or not. We use a continuous definition of diversification and we construct an income diversification index that encompasses both the magnitude and the number of income sources. Dimova and Sen (2010) stress the appropriateness of using household income diversification -as opposite to discrete indicator variables for different types of income portfolios -as it makes no assumption that a higher degree of diversification is necessarily related to greater household engagement in more remunerative non-farm activities.
Second, previous cross sectional studies have analysed either the determinants of household income diversification or the relation between diversification and household incomes or poverty reduction, in rural Nigeria (Babatunde & Quaim, 2009; Awotide, Awoyemi, Diagne, Kinkingnihoun & Ojehomone, 2012; Oluwatusin & Sekumade, 2016) . These studies deal with the potential endogeneity of diversification through econometric methods. Yet the cross sectional nature of the data limits the ability to disentangle household innate characteristics such as attitudes to risk from other household observable characteristics (Dimova & Sen, 2010) . We take advantage of the large panel dimension of our data that allows us to account for unobserved household level heterogeneities.
Third, there is mixed empirical evidence on the relationship between income diversification and income, or wealth level. Research findings from Indonesia present evidence showing that rural income diversification is higher among poorer compared to richer households (Schwarze & Zeller, 2005) . The opposite has been observed in Mali and Ethiopia (Abdulai & Crolerees, 2001; Block & Webb, 2001) . In this paper, we investigate the pattern of the relationship between income diversification and wealth. We use a quadratic specification to investigate whether a U-shaped, an inverse U-shaped, or other pattern for income diversification exists over the range of wealth in the case of rural households in Nigeria. The scarce literature on this issue for sub-Saharan countries leaves the nature of this relationship as an open empirical question to be tested (Loison, 2015) .
Lastly, we also add to the literature by examining the association between income diversification and different food security indicators, and the capacity of income diversification for mitigating the impact of shocks to food security. We complement the analysis by examining the relationship between income diversification transitions into higher and lower levels and food security. Few studies on income diversification that have used panel data have focused on household calorie consumption or households' consumption expenditure (Block & Webb, 2001; Bezu, Barrett & Holden, 2012) . We account for different dimensions of food security with regard to the dynamics of income diversification. We argue that our empirical approach to the question of income diversification will help develop further insights into the interaction between livelihood diversification and household food security in sub-Saharan countries.
II. Data and definition of food security indicators
We The survey included three instruments: the household questionnaire, the agriculture questionnaire, and the community questionnaire. The different modules of the questionnaires contain information on socio-demographic characteristics of the households, the different types of economic activities, and other information that allow the calculation of the variables used in this study. Particularly relevant in this study are variables related to household income sources and indicators of food security. Income related information allows us to investigate the degree of diversity in the income generation profile for each household interviewed.
The measurement of food security has been developed and extensively discussed in the literature. It has been argued that availability, access, utilization, and stability are now widely accepted as the four pillars of food security (Upton, Cissé & Barrett, 2016) . We use primarily four indicators to capture these first three pillars of food security (see Table 1 ). The first indicator captures the sense of food accessibility: this is a measure of per capita food expenditures. The second indicator uses the definition of food availability in terms of quality:
the nutrient stock defined as the number of days the household reported it had to limit the variety of food eaten in the seven days prior to the survey. The third indicator uses the definition of food availability in terms of quantity: the nutrient stock defined as the number of days the household had to limit portion size at meal times in the seven days prior to the survey.
The last indicator uses the definition of food utilization: the dietary diversity defined as the number of different food group categories consumed by households in the seven days prior to the survey 1 . Table 1 shows that there are significant differences between the two rounds in food accessibility and food availability. In the econometric analysis, we include year dummies in the model to account for some events that may occur in the second wave to cause these differences. In addition, we consider two alternative composite measures of food security indicators. 1 Food availability, food accessibility and food utilization are three interlinked dimensions of the food and nutrition status of a household. Food availability is a measure of the amount of food physically available for households. Household-level food accessibility is realized when a household has the opportunity to obtain sufficient food quantity and quality. In addition to the quantity of food, food utilization also includes the quality of the diet. Food accessibility is a necessary but not a sufficient condition to ensure an adequate food and nutrition status while the realization of food availability is a necessary but not sufficient condition for the realization of food access (see Pieters, Guariso & Vandeplas, 2013 
III. Patterns and dynamics of livelihood diversification strategies in rural Nigeria
For the most part, rural households in our sample derive their income from combining agricultural activities with other non-agricultural activities. Income generating activities were calculated using a sectoral classification -agriculture and non-agriculture -and a functional classification -wage and self-employment (Barrett et al., 2001) . Income generating activities are thus categorized as being either, agricultural self-employment, agricultural wage, nonagricultural wage, or off-farm self-employment. Agricultural self-employment income is calculated as the revenue minus the costs from cultivation and livestock keeping. The total revenue is the sum of the revenues from the commodities harvested and revenues from the sale of animals, meat or animal products. Agricultural costs consist of costs related to hired labor, agricultural inputs (fertilizer, pesticide, seeds, transports, tractor service, maintenance, and other) and animal costs. Some households in the sample also derive their income, in total or in part, from sources other than income generating activities. These are incomes from international remittances and other income from property rental, interest bearing savings accounts, or other returns on investment. Total household income is adjusted using a consumer price index (2010=100) to make information from the two rounds of the data directly commensurable. Note that about 15% of households in our sample had a negative total income after the imputation of costs for non-labor income generating activities. As such, we use the measure of total revenue instead of total income to compute diversification. This is commonly done in the literature when confronting the issue of negative net income. In our case, negative net income data points render the diversification index non-interpretable which can be avoided by using revenue data instead.
The general trend stemming from the data shows that households were intensively involved in agricultural production such as growing crops and maintaining livestock, complemented mostly with off-farm activities such as self-employment and non-agricultural wage employment (see Figure 1 ). Remittances and agricultural wage labor are present, but not as a particularly high share of the overall income generation profile 2 . However, none of the rural households in our sample derived their income from all six sources represented in Figure   1 . The maximum number of income sources observed in our sample was five. For the 2,929
households considered in the first wave (second wave) of the survey, 44.21% (37.49%) relied on one source of income only, followed by 43.80% (50.73%) that relied on two income sources, and 11.99% (11.78%) that relied on more than two income sources. Another observation from the data is that, irrespective of the survey round, agriculture is the dominant source of income for households that reported only one income source.
Irrespective of the survey round, at least 74% of these one-income households were exclusively 2 Note that the question in the survey asked for international remittances, so we are unable to investigate the importance of domestic remittances. all their income from self-employment and non-agricultural labor. For households reporting two sources of income, the dominant pattern was agricultural income that was complemented by self-employment (at least 75% of households, irrespective of the survey round). The next most common two-income strategy revealed by the data was agriculture complemented by non-agricultural labor (at least 7% of households). This is followed by the combination of selfemployment with non-agricultural labor (at least 6% of households).
The dynamics of rural household livelihood strategies can also be observed in our data. Table 2 shows the transition probabilities of income sources between survey rounds. For example, of the 1,238 households deriving income from one source in the first wave, 36% and 4% of them moved to two and three income sources in the second wave, respectively. At least 10% of the 1,083 households deriving income from two sources in the first wave moved to an additional income source in the second wave, but 32% fell into the group of a single income based source in the second wave. Similar transitions can be observed for the other income diversification categories. In general, Table 1 reveals that while at lower levels of diversification the majority stayed at the same level of diversification over the two rounds, a significant share of households changed their level of income diversification from wave 1 to wave 2. Source: Authors' calculations using LSMS-ISA data for Nigeria.
We complement the analysis of the patterns and the dynamics of rural household livelihood strategies in rural Nigeria by using an indicator that captures dimensions of both the distribution of income earning from different sources and the number of the income sources (Barrett & Reardon, 2000 
N is the total number of income sources as defined in Figure 1 and Sh represents the revenue share of the k-th income source for household i. As highlighted above, we use the measure of total revenue to address the issue of negative income. Dependence on a single income source falls to the minimal value of zero and full diversification of income to the maximal value approaches one. The income diversification index we calculate from our sample ranges between 0 and 0.87 with mean 0.23 and median 0.14, indicating that households tend to be relatively concentrated in their sources of income. A similar value of income diversification is found by Oluwatusin and Sekumade (2016) in South Western Nigeria.
Diversification patterns are argued to be an exchange and allocation of assets across activities by a household to achieve an optimal balance between expected returns and risk exposure, conditional on the constraints they face (Barrett et al., 2001 ). It has also been found that initial asset holdings are important factors for transition into high-return rural non-farm employment . In this paper, we identify three different rural household livelihood strategies as per the transition of the income diversification index between the two survey waves. The first group of households are those that stayed at the same level of the income diversification index in both waves 1 and 2 of the survey. The second group consists of those who moved to a lower level of the income diversification index in wave 2 than their level in wave 1. The third group moved to a higher level of the income diversification index in the second wave than their level in wave 1. In contrast to the transitions presented in Table 2 , this measure of transitions in the income diversification index accounts not only for changes in the number of income sources, but also for changes in revenue earned from these sources.
In Table 3 we present descriptive statistics for the three groups of the households defined above according to their initial capital endowments as well as the shocks experienced in the first survey round. Human capital and relative labor endowments are reflected in age, the number of laborers, education, dependency ratio, and size of the household. A further relevant factor to consider is the gender of the household head. Physical capital endowments are agricultural landholdings, livestock endowments, and household non-agricultural wealth index.
Shocks are self-reported dummy variables indicating whether the household experienced negative events during the last two years prior to the survey; in this case, that is shocks experienced in 2010 and 2011. We differentiate the shocks into idiosyncratic shocks, price shocks, and natural shocks. Idiosyncratic shocks are related to events such as illness, death of a family member, or loss of employment. Price shocks are unexpected price changes of food prices, input prices, and output prices. Natural shocks are natural disasters such as floods, droughts, or pests, non-farm business failure, theft of crops, cash, livestock or other property, or destruction of harvest by fire. These natural shocks are more likely to impact agricultural and livestock production than non-farm business. Note. The wealth index is measured as the first principal component of indicators of household asset variables such as vehicles, home characteristics, furniture, and household appliances (see Filmer & Pritchett, 2001 ). The dependency ratio of dependents to labourers is measured as the number of household members aged 15 or below or above 64, divided by the number of household members aged between 15 and 64. SE is standard error obtained after mean estimation. Significant mean differences are indicated with *** p<0.01, ** p<0.05, * p<0.10. The reference category is: Stay in the same level.
Source: Authors' calculations using LSMS-ISA data for Nigeria. Table 3 shows that all groups of households share the same characteristics in terms of initial endowments concerning the livestock units, farm size and experience with different shocks. Yet some significant initial endowment differences still exist between the groups of households.
Compared to households that stayed at the same level of income diversification, the heads of households that moved into a lower or a higher level of income diversification in the second survey wave were younger. Female-headed households were less likely to change strategies than male-headed households, perhaps indicating that gender role constraints make diversification options more rigid for women. On average, both types of household that moved from one level to another had relatively larger initial human capital endowments, compared to households that stayed in the same level of income diversification. They had a significantly higher initial number of members and workers, and initially had more educated members.
Regarding initial physical capital, movers were only more initially endowed in terms of nonagricultural wealth. In general, the group of households that moved in a lower and a higher level of income diversification seem to be relatively homogenous in terms of initial human capital endowments in comparison to households that stayed in the same level of income diversification. All types of households were homogenous in terms of initial physical capital endowments and shock experiences, except for non-agricultural wealth.
IV. Methodology
To begin our regression analysis, we first examine explanatory factors associated with income diversification in rural Nigeria by estimating the following model:
where T is the time fixed-effect for the survey round. uh is the household (h) random effect and εht, the error term. Control variables included in X are those commonly used in income diversification literature and are observable covariates that might affect the household livelihood diversification strategies in the year t. These variables are human capital endowments, idiosyncratic factors and community related variables controlling for household access to resources (reported more fully in Table A1 in the appendix). Regional dummies are also included in X matrix to account for environmental or geographic conditions. The dependent variable is the normalized Herfindahl-Simpson income diversification index defined above.
We are particularly interested in testing the relationship between income diversification and wealth, as an inverted U-shape has been identified in the literature where diversification is a risk coping strategy for the poorer and a risk management strategy for the wealthier.
However, as previously discussed, it has also been found that a U-shape could characterize this relationship, where the poor are too constrained to diversify, the middle of the wealth distribution diversify, and the wealthy specialize. We use the variable wealth and its square instead of household income to reduce the measurement error bias from the income, and also because of the permanent and ex ante nature of wealth that is less subject to endogeneity than income (Barrett & Reardon, 2000; Sahn & Stifel, 2003; Démurger, Fournier & Yang, 2010) . The wealth variable is measured as an index that is the first principal component of indicators of household asset variables such as vehicles, home characteristics, furniture, and household appliances (see Filmer & Pritchett, 2001 ).
We use a random-effects tobit estimation to account for the censored nature at zero of the income diversification index, as a large share of the sample is completely concentrated in one income source. In addition, we apply the Mundlak transformation (Mundlak, 1978) to the random-effects tobit regression, to account for the potential endogeneity of wealth. This method allows for correlation between the household random effect uh and this independent variable by including an additional covariate in the model (1); that is, the mean of the wealth variable and its square across each year, that is:
The individual random effect is a function of a component that is correlated to the potentially endogenous variables Y -wealth and its square -and a pure error term that is not correlated to the explanatory variables. is the average of across the time and the coefficient j is the statistical correlation corrector factor.
Following this analysis, we are also interested in exploring the impact of income diversification on household food security. Given that there may be different ways of interpreting why households adopt different income generating profiles, we seek to identify different kinds of food security outcomes that are associated with different diversification profiles. We estimate the impact of income diversification on different food security indicators through the following model:
In equation (3), we include shocks experienced by households and their interaction with income diversification to estimate the resilience capacities of rural livelihood diversification strategies. As such, income diversification in the model is a capacity indicator that may facilitate recovery following an exogenous shock. b1 may be interpreted as the effect of household level capacities on welfare -food security -without shocks. b2 is interpreted as the effect of shocks on welfare without household level resilience capacities and b3, is the combined effect of household level capacities and shocks in mitigating or aggravating the impact of shocks. We use random-effects regressions -for continuous outcomes -and random-effects Poisson regressions -for count outcomes -according to the nature of the food security indicators defined in the data section. We apply the Control Function (CF) approach for all regressions by estimating model (3) with the residual êht from the estimation of model (1) added as an explanatory variable (Smith & Blundell, 1986; Smale, Kusunose, Mathenge & Alia, 2016) . The inclusion of the residual in equation (3) mitigates the possibility that potential omitted variables in the food security equations are correlated with livelihood diversification strategies. Endogeneity of income diversification can be tested through the significance of the estimated coefficient of the residual. We run additional regressions by applying the Mundlak transformation to the random-effects regressions and the random-effects Poisson regressions. Table 4 presents the random effects regressions results, with and without the Mundlak transformation that accounts for the correlation between the household random effects and the wealth variables. As hinted at previously, income diversification is more likely in male-headed households than in female-headed households. Endowments in labor and education, and in physical capital, such as wealth, are positively associated with more diverse income generation strategies. Our results are in line with previous studies which have found a higher wealth index and working resources to be associated with a higher participation in local off-farm activities (Démurger & al., 2010) , and that variables related to the human capital are correlated with the involvement in off-farm employment activities and income (Demissie & Legesse, 2013) . This is somewhat consistent with our descriptive statistics in which the two-based income source households report one of their sources to be self-employment. The availability of labor and some physical capital are pull factors for diversifying the income sources in this sample, as has been found in other studies (Ruben & Van Den Berg, 2001; Escobal, 2001; Oseni & Winters, 2009; Ali, Deininger & Duponchel, 2014) .
V. Results and discussion

Determinant of income diversification
Our results are also in line with the finding that better-off households are more diversified in rural Nigeria (Babatunde & Quaim, 2009) , and that wealthier households tend to have more diversified income streams in Ethiopia (Block & Webb, 2001 ). Yet our study advances this literature by showing that income diversification decreases at the margins when wealth increases. In fact, the relationship between wealth and income diversification is better categorized as upward sloping with a diminishing effect rather than being an inverted U shape, contrary to what has been reported in other studies (Losch, Freguin-Gresh & White, 2012) . Our results suggest that, in general, some findings about determinants of income diversification in cross sectional analysis also remain important in the panel data setting. This is an important contribution of our paper as the need for empirical evidence from panel data to capture changes over time in rural livelihood diversification has been stressed previously (Loison, 2015) . Right-censored observations 0 0
Note: Region dummies are included in the regressions. Prob > chi2 for joint significance of the mean variables is is 0.0046.
Significant levels are indicated with *** p<0.01, ** p<0.05, * p<0.10.
There is no evidence that may reflect the potential credit alleviating constraint for rural households to increase their diversification strategy due to the presence of a saving and credit cooperative, or a microfinance institution in the community. However, our results do show that the existence of a formal bank in the community was negatively associated to income diversification (see Table 4 ). A similar result was found in rural Niger where the existence of a financial institution in the community seemed to negatively impact the probability of participating in businesses activities (Dedehouanou, Ousseini, Abdoulaziz & Jabir, 2016) . Our result suggest that rural households may be able to finance income generating activities through directly available, and free financial resources so that they do not need to rely on formal banks. It may be also that there are some negative factors inherent to formal banks within the community that could possibly discourage rural households to additionally diversify their activities. The relative geographical location of the rural households with respect to the capital of the department -the second level administrative subdivision after the region -was related to income diversification, as it may be a favourable opening for livelihood diversification strategies opportunities. Indeed, rural households located far from the capital of the department were less likely to diversify, as has also been found in previous studies (Bhatta Household experience of natural shocks was positively related to livelihood diversification strategies. Households facing floods, droughts, or pests which affect agricultural and livestock production and non-farm business -natural shocks -were more likely to diversify.
Our results suggest that rural households may view the possibility of diversifying as a livelihood strategy to cope with specific shocks. Demeke and Zeller (2012) found a similar result in the case of Ethiopia where the level and variability of rainfall had a significant effect on the decision by households to engage in any type of off-farm work. Table 5 presents regression results for food security indicators. The estimated residuals from the random effects tobit regressions were included in the food security indicators equations to mitigate potential endogeneity from income diversification. Standard errors were bootstrapped to account for the fact that the residuals were estimated from another equation.
Relationship between income diversification and food security indicators
The estimated coefficient of the residual was statistically significant indicating that unobserved factors in the error structure of the variables were correlated between the income diversification and food security indicators equations. Note. Region dummies are included in the regressions. Standard errors are bootstrapped with 100 replications. A random effects regression is used for the food expenditures equation and a random effects poisson regression is used for the other equations. The Mundlak transformation is additionally applied to all regressions. The likelihood-ratio (LR) test of α = 0 compares the panel estimator with the pooled (Poisson) estimator.
Significant levels are indicated with *** p<0.01, ** p<0.05, * p<0.10. Table 5 shows that income diversification was significantly related to the different food security indicators. The estimated coefficients reflect resilience capacities of rural livelihood diversification without taking into account the impact of shocks. Food expenditures per capita and dietary diversity increased with income diversification level. Food unavailability -expressed in terms of days -was negatively associated with income diversification implying that the number of days households had to limit the variety of food eaten was reduced, as households increased their livelihood diversification strategies. Our results are in line with previous studies which have found that income diversification was associated with food consumption in Burkina Faso (Reardon, Delgado & Matlon, 1992) and with calorie intake in Ethiopia (Block & Webb, 2001 ). Our results add to the literature by showing further that income diversification favours food accessibility as well as food availability and food utilisation in rural Nigeria. We also add to the literature by exploring the role of income diversification as capacity for mitigating or aggravating the impact of shocks experienced by rural households.
Shock experiences were differentially related to the food security indicators presented above. Idiosyncratic shock experiences, events such as illness, death of a family member, or loss of employment were positively associated with the number of days households had to limit portion sizes at meal times. Households experiencing natural shocks and price shocks increased the number of days they had to limit the variety of food eaten and the portion size at meal times. Yet they also increased the number of food groups consumed -dietary diversityfollowing price shocks suggesting that households reduce food availability for food utilization, following price shocks.
The effect of resilience capacities in mitigating or aggravating the impact of shocks were given by the estimated coefficients of the interactions of income diversification and the shock variables. Livelihood diversification did not succeed in mitigating or aggravating the impact of either idiosyncratic, natural, or price shocks on measures of food availability and food utilization. In general, income diversification per se improved food security through food accessibility, food availability, and food utilization. Where shocks experiences appeared to negatively affect food security, income diversification did not contribute to reducing the effect of shock experiences. Interestingly, while our income diversification findings indicate that female-headed households were less diversified, there appears to be another factor at work in Table 5 . There was a direct effect of female-headed households being more food secure using the first two measures, and no more insecure as per the second two measures. Thus, there appears to be a gender dimension to food expenditure and dietary diversity determinants that merit more nuanced analysis by future research.
Using alternative composite food security indicators
In this section, we consider two alternative composite measures of food security indicators used in the literature (Maxwell, Vaitla, Tesfay & Abadi, 2013 Strategies Index (RCSI) examines the coping behaviors of households with respect to food deficit. Five food-based coping strategies questions -relying on less preferred and less expensive foods; reducing the number of meals eaten in a day; limiting portion size at meal times; borrowing food or relying on help from relatives or friends; restricting consumption by adults for small children to eat -and their frequency during the one-week period prior to survey, were asked to the households. The RCSI calculated from our pooled sample using the universal severity weight ranges from 0 to 52 (mean and standard deviation are 2.707 and 5.476, respectively). The higher the RCSI, the more severe the coping is applied by a household 4 . Table 6 presents regression results for the two composite food security indicators. The same methodology as above is applied. The FCS is considered as continuous while the RCSI is considered as censored at zero because of the high number of zeros at the low level. In general, the results show the same trend observed in Table 5 concerning the relationship between income diversification and diet diversity, and nutrient stock and the role of income diversification in mitigating or aggravating the effect of shock experiences. Income diversification appears to be positively related to the Food Consumption Score while negatively related to the Reduced Coping Strategies Index. Increasing income diversification thus leads to less severe coping behaviors by households with respect to food deficit. As previously found in Table 5 , income diversification contributed neither to reduce nor to aggravate the effect of shock experiences. Note. Full regression results are presented in Table A2 in the Appendix. Significant levels are indicated with *** p<0.01, ** p<0.05, * p<0.10.
Income diversification transition and food security
In a final consideration, we exploited the panel nature of our data set to examine the average effects of income diversification transitions on changes in food security, and we estimated the average effects of moving into a higher or a lower level of income diversification in the subsequent year. We used the nearest-neighbor matching (NNM) estimator from the literature on impact evaluation (Abadie & Imbens, 2006 , 2011 StataCorp, 2015) , a technique which has been used in a similar panel context of estimating the effect of participation in nonagricultural labor markets on inputs expenditures in Vietnam (Stampini & Davis, 2009 ).
Specifically, the NNM technique constructs two different counterfactual groups of households by separately matching households that moved into a higher level of income diversification and households which moved into a lower level of income diversification, in the subsequent year, to those that stayed in the same level of income diversification between years, on the basis of similarities observed in the initial characteristics.
The average effect of moving into a higher (lower) level of income diversification on change in food security is computed by taking the difference of the average of the change in food security indicators between the group of the "movers" households and the group of the corresponding counterfactual households. Although the NNM estimator relies on the conditional independence assumption (CIA) 5 , it has the advantage of being non-parametric and so does not rely on any explicit functional form for the change in food security indicators, or the change in income diversification. In addition, household fixed effects were net out by considering the change in food security indicators and the change in income diversification level, thereby reducing potential bias that might result from time invariant unobserved heterogeneities. Table 7 shows that the transition into a higher or a lower level of income diversification did not bring about a significant increase or decrease of food accessibility (expenditure measure) and food availability (nutrient stock measures). With respect to these measures of food security, the nearest-neighbor matching results show that there is no evidence that transiting into either a higher or a lower level of income diversification subsequently provided a welfare improvement. Rather, moving into a higher or a lower level of income diversification led to an increase in food utilization as measured by dietary diversity. When considering the composite measures of food security, the results show that moving into a higher level of income diversification led to an increase in the food consumption score while moving into a lower level of income diversification brought about less severe coping behaviors by households with respect to food deficit. project in Sub-Saharan Africa. We have used broad empirical approaches to studying income diversification in and of itself, and income diversification in relation to food security in rural Nigeria. We have used the panel nature of the data to investigate changes over time in these key measures. The panel nature of the data has also allowed us to account for household level responses to shock experiences by rural households over time.
We have found that endowments in labor and education and in physical capital, such as wealth were positively associated with more diverse income generation strategies. The availability of labor and some physical capital are pull factors for diversifying income sources. In particular, we have provided evidence that the relationship between wealth and income diversification in rural Nigeria is better categorized as upward sloping with a diminishing marginal effect rather than an inverted U-shape or a U-shape. We have also found that households facing price shocks and those facing shocks affecting agricultural and livestock production and non-farm business were more likely to diversify. Finally, we have identified an important gender dimension to income diversification strategies, both in terms of the level of diversification adopted by male compared to female-headed households, and the flexibility of adapting income diversification strategies over time.
With regards to the implications for income diversification on food security, we have found that income diversification favours food accessibility as well as food availability and food utilisation in rural Nigeria, reflecting the role of resilience capacities of rural livelihood diversification. However, income diversification has a different role for mitigating or aggravating the impact of shocks experienced by rural households in this context. Where shock experiences appear to negatively affect food security, income diversification does not contribute to reducing the effect of shock experienced. Our results on income diversification overall suggest that income diversification is a desirable option in alleviating food insecurity.
Yet we find that transiting into a higher level of income diversification may be an option for welfare improvement in terms of food consumption score. Also, transiting into a lower level of income diversification may be an option for less severe coping behaviors with respect to food deficits.
To return to our opening theme, income diversification and flexibility in income diversification strategies are important contributors to dealing with climate variability and will play a growing role in confronting climate change. Our findings suggest education plays an important role in this process and supports the importance of rural education efforts. We also find that agriculture remains important to the rural economy, and efforts to improve agricultural productivity will impact a large percentage of the rural population. The importance of selfemployment merits further detailed attention in order to understand what factors allow or hinder movement into self-employment. This appears to be an important next step to understanding the interaction between income diversification and food security in rural Nigeria.
Finally, the gender results that we find in both the income diversification patterns and food security findings merit further detailed analysis to understand what mechanisms constrain female-headed households' diversification strategies, and what compensating approaches they have adopted that are captured by the direct effect of female-headed households on food accessibility and utilization. 
